Objective: To describe the methods used for neuropsychological assessment in children, emphasizing aspects of interest to pediatricians, psychologists and neurologists.
Introduction
Neuropsychology studies the relationship between the human brain and behavior. Its development as a specific area of study is relatively recent, although its scientific basis results from several decades of knowledge and investigation.
According to Cunha, 1 neuropsychological screening initially sought to identify and locate focal brain lesions. Today, it is based upon the dynamic location of functions, with the aim of investigating higher cortical functions, such as attention, memory, language, among others.
The participation of the brain is regarded as a whole, where areas are interdependent and correlated, working like an orchestra, which needs the integration of its components to perform a concert. 2 This is called functional system.
The major focus of this system is the development of a human behavior science based on brain functioning. This way, by knowing the normal development and functioning of the brain, we may understand cerebral abnormalities, such as cognitive and behavioral disorders that result from injuries, diseases or abnormal brain development.
Child neuropsychology, whose aim is the early identification of cognitive and behavioral disorders, has become one of the key elements of regular well-child visits. In this case, appropriate tools (neuropsychological tests and developmental assessment scales) are necessary.
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The results of these scales and tests show the major gains during development and aim at determining the childs specific level of development. The importance of these tools lies in the prevention and early detection of developmental and learning disabilities, carefully indicating the pace and quality of the process, allowing for a qualitative and quantitative mapping of brain areas and their interconnections (functional system), with the aim of early and accurate therapeutic interventions.
Neuropsychological screening in children indications and contributions
Neuropsychological screening is recommended in any case in which a cognitive or behavioral difficulty of neurological etiology is suspected. This screening can help with the diagnosis and treatment of several neurological diseases, childhood developmental disabilities, psychiatric involvement, conduct disorders, among others.
The contribution of such screening in children also applies to the teaching-learning process, as it allows establishing some relations between higher cortical functions, such as language, attention, memory, symbolic learning (concepts, writing, reading, etc.). The neuropsychological model of learning disabilities seeks to obtain a sample of higher mental functions involved in symbolic learning, which are obviously correlated with the functional organization of the brain. Without that, learning is not processed normally and, in this case, we may have a brain dysfunction or injury.
Neuropsychology can prepare different health professionals (e.g.: physicians, psychologists, speech therapists, etc) by subsidizing the investigation of childrens intellectual functions and promoting a more efficient therapeutic intervention.
The group of instruments used allows us to have a global assessment of childrens abilities, as well as of their difficulties regarding their daily performance. We are not labeling children as problematic, but we are preventing such difficulties from affecting their healthy development.
Some aspects should also be considered, such as the fact that brain development has characteristics that are peculiar to each age group. Therefore, according to this brain functioning pattern, it is important to devise tests that are based on the maturational process of the brain. For instance, immaturity in childhood should not be understood solely as deficiency, 3 due to peculiarities of brain development in childhood. Differently from adults, a childs brain is still in the process of developing, with its own characteristics that warrant differentiation and specificity of functions.
A c c o r d i n g t o A n t u n h a , 3 t h e b a t t e r i e s o f neuropsychological tests for children are not many, as they must include: the organization and development of the childs nervous system; the variability of development parameters between same-aged children; the narrow relationship between physical development, neurological development, and progressive emergency of higher cortical functions.
Tests used
Some of the neuropsychological tests are listed next. Their potentialities also are briefly described.
Intelligence
Intelligence tests for children basically evaluate skills that are essential to school performance.
The Stanford-Binet 4 test was the first to be used in the United States. Adapted from Binet-Simon original scales, it is extensively based on verbal performance and covers the ages of two years to 23 years (adulthood), providing a mental age and intelligence quotient (IQ).
Wechsler intelligence scales, subdivided according to age, are the international gold standard for the quantification of intellectual capacities. These scales consist of a series of standardized questions and answers that determine an individuals potential in different intellectual areas, such as level of information on general topics, interaction with the environment and capacity to solve every-day problems.
Wechsler preschool and primary scale of intelligence 5 (WPPSI) is a version of Wechsler scales for younger children that allows assessing the intelligence of children aged between four and six and a half years. It consists of six verbal and five performance subtests. Usually, the application of five subtests of each of the (verbal and performance) subscales is enough for a reliable analysis of that scale. This scale also allows gathering some information on how childs behavior is organized.
Wechsler Intelligence Scale for Children-III (WISC-III) 6 is the scale most widely used to assess the intelligence of children aged between six and 16 years, 11 months and 30 days. It provides scores for verbal and performance scales, as well as a full scale IQ score. It includes different types of tasks, allowing the observation of the childs strengths and weaknesses. It should be underscored that children with motor difficulty often are penalized on this test, and therefore it should not be used when such deficiency is observed. WISC-III block design subtest ( Figure 1 ) aims at checking the capacity of analysis, synthesis and planning of visuospatial coordinates and constructive praxis. Individuals are asked to reproduce drawings shown to them using multi-colored blocks. A limit time is established for each model.
Although IQ is used to detect brain dysfunctions, the IQ score can give further information on the patients general level of functioning and thus serve as reference for more specific functions, such as memory, language, etc. Both Stanford-Binet and WISC-III and WIPPSI are administered individually.
refers to the depth of information acquired through formal schooling, and is often used to solve problems similar to those learned through past experience (as in conventional intelligence tests). The latter one refers to the capacity of cognitive processing, that is, general capacity to process information, or to mental operations performed when relative new problems are solved.
A battery of reasoning tests (BPR-5) 11 for assessing intelligence on a global basis has been standardized to be used in the Brazilian population. These tests estimate the general cognitive functioning and skills in five specific areas: abstract, verbal, spatial, numerical and mechanic reasoning. They help examiners to take decisions based on the assessment of aptitudes and general reasoning, as in the assessment of learning disabilities. The tests are applied to: A) elementary school students (6th to 8th grades) and B) high school students (1st to 3rd grades).
Memory
Here, tests that assess memory functioning are used, such as Rey Auditory Verbal Learning Test (RAVLT) and Rey Visual Design Learning Test (RVDLT). 12 The tests that involve learning, that is, the repeated exposure to the material to be recalled, are more sensitive in detecting memory impairment than tests that are presented only once. The RAVLT (Figure 3 ) consists in reading a 15-word list to the examinee at a slow pace five times in a row. After each turn, the examinee has to recall the words, without having to follow the same order of presentation.
Wide range assessment of memory and learning Short form (WRAML) 13 is a psychometric instrument used to evaluate the ability to learn and memorize several types of information (visual memory, verbal learning, story memory) in patients aged between five and 17 years.
Language
The Boston naming test 14 is one of the most widely used tests to assess language. It is designed to measure object naming from line drawings. It is applied to children aged six years or older with difficulty understanding or producing words or written verbal material. Other tests are used, such as the verbal fluency test (FAS), comprehension tests (e.g.: Token test), 15 and text, written and reading comprehension. Assessment also includes the following topics: speech organs, oral habits, and language development.
Some peculiarities have to be respected and taken into consideration when assessing children with brain injuries. It is the health professionals duty to be aware of the aims, skills, and adequacy of techniques and investigative tools to be used, and to know about the possible alterations and restraints that result from brain injury, so that mistakes are not made during neuropsychological screening.
The formal channels of expression and communication with the environment are impaired in many children with When patients cannot express themselves verbally, Ravens progressive matrices 7 and Columbia mental maturity scale 8 are used. These tests assess general intelligence and estimate a childs general ability to reason independent of language. The aim of Ravens progressive matrices (Figure 2 ) is to find out the relations between the figures and imagine which of them (total of eight) completes the system. Traditionally, intelligence is related to academic skills, but there are other types of intelligence (e.g.: capacity to relate complex ideas, form abstract concepts, derive logical implications through general rules), which sometimes cannot be measured by conventional tests. In this regard, Primi 9,10 underscores that two types of intelligence are considered fundamental: crystallized intelligence (which prioritizes knowledge) and fluid intelligence (which prioritizes reasoning). The former one brain injury. Therefore, the health professional has to create strategies so that the child can communicate, interact, and have a better understanding about what is going on with him/her.
We should help children to show us their potential and communicate using resources that allow them to understand what they are being asked, and to represent (through gestures, mimicry, speech, written expression, or action) what they understand and/or want to do.
Frontal lobes
The interest in frontal lobe functions has been aroused in the last few years. It is in this brain region that most differences between humans and their ancestors are found. Frontal lobes constitute one of the largest brain regions, whose functions remain poorly known, although remarkable data on their activity have been gathered in the last few years. It is now known that the most complex human skills are located in the frontal lobe, such as planning of sequential actions, standardization of social and motor behaviors, part of automatic emotional behavior and memory.
For proper assessment of frontal functions (executive functions), it is necessary to know the developmental stages of this structure, that is, its process of maturation, which is particularly important when assessing children. Evaluation of the frontal lobe is usually difficult, since it involves complex and poorly investigated functions. Among the several functions of the frontal lobe are: plasticity, judgment capacity, ability to produce different ideas, organization of information, capacity to give proper responses to stimuli, to establish and change strategies and to plan an action. These abilities may be assessed by the verbal fluency test, drawing fluency, Wisconsin card sort test, 16 trail making test, 17 Stroop test, 18 which evaluate the capacity to keep ones attention focused and not be influenced by answers that are not expected at the moment. On the trail making test, the task in part A (Figure 4) is to link, with a pencil, consecutively numbered circles randomly distributed in a sheet of paper; in part B (Figure 5 ), besides numbers, there are also printed letters on the answer sheet and the sequence to be linked should alternate between the two series, numbers and letters (1-A, 2-B, 3-C). This task has to be performed as quickly as possible. The Wisconsin card sorting test (WCST) assesses the executive function of the frontal lobe. It measures the modulation of impulsive answers, direction of behavior, the abilities to develop and maintain a strategy to solve a problem despite changes in contingencies, flexibility, p l a n n i n g , o r g a n i z a t i o n , i n e f f i c i e n c y o f i n i t i a l conceptualization, and difficulty in finding solutions to every-day problems, as the level of perseveration, which is the continuation/repetition of a topic and the inability to modify it after some time, or repetition of a motor behavior. It may be applied to children aged six years or older.
Various subtests of the Wechsler intelligence scale (WISC III and WPPSI) also help to investigate frontal lobe dysfunctions, such as analogies, comprehension, coding, etc.
Parieto-occipital lobes
Functions related to visuospatial skills, visuospatial organization (perception) and planning are assessed by Rey-Osterrieth complex figure test 19 and perceptual and visuospatial skills on Hooper visual organization test. 20 Reys figures (Figure 6 ) aim at evaluating Bayley II 21 is a test to assess the development of children aged between 1 and 42 months. The test is divided into three scales: motor, mental and behavioral, with a performance score for each area. The three areas are considered complementary, each of which has its importance in assessing children.
The mental scale assesses aspects related to cognitive development and communication skills (ability to distinguish shapes, attention, fine motor ability, understanding of instructions, naming, problem solving, social skills). The motor scale assesses the level of coordination of large muscles (activities such as sitting, standing, walking, climbing up and going down stairs) and fine motor skills (more delicate manipulations with fingers and hands.
The behavioral scale allows assessing qualitative aspects of childrens behavior during the testing session, such as attention, understanding instructions, engagement in tasks, emotional control, among others. The test material is attractive and easy to be used. There also is the Bayley infant neurodevelopment screener (BINS), which is a simpler version used to evaluate the development of children between three and 24 months, as with Denver II 22 .
Result analysis
We have mentioned some of the tests used to evaluate children. We suggest that more than one test be used to assess each function, thus allowing for more reliable neuropsychological conclusions.
It is also important to analyze the patients whole performance throughout the process in combination with other tests. The contribution of the findings of neurological, neuroimaging, neurophysiological and neuropsychological tests should be interpreted by a multidisciplinary team.
In conclusion, neuropsychologists choose the most suitable evaluation methods based on their experience and specific training, but they should be aware that the tests are not categorical. The interpretation of results requires knowledge about cognitive and affective aspects, as well as about factors that might interfere with a task.
Psychologists interested in this area should be aware of the complexity of each function and of the ways they could be assessed by these tests. This way they can improve their knowledge about brain functions and various central nervous system pathologies. After a quantitative analysis, it is necessary to analyze results qualitatively and investigate the intellectual functions implicated in each of the items of each test, thus establishing a relationship between function or dysfunction and brain area. Only after such detailed analysis it will be possible to contribute recommendations and guidelines to these childrens rehabilitation program, corroborating them with clinical investigation.
